Background: Our previous study has reported that aberrant SOX30 methylation was associated with poor prognosis in AML, and it correlated with disease progression in MDS. Herein, we further determined SOX30 methylation and its clinical significance in the other myeloid malignance -chronic myeloid leukemia (CML). Methods: SOX30 methylation was examined by real-time quantitative methylation-specific PCR and bisulfite sequencing PCR, whereas SOX30 expression was detected by real-time quantitative PCR. Results: SOX30 methylation was identified in 11% (10/95) CML patients. SOX30 methylation was associated with lower hemoglobin and platelets (P=0.006 and 0.032, respectively). Importantly, significant differences were observed in the distributions of clinical stages and cytogenetics (P=0.006 and 0.002, respectively). The frequency of SOX30 methylation in chronic phase (CP) stage occurred with lowest frequency (4/74, 5%), higher in accelerated phase (AP) stage (1/7, 14%), and the highest in blast crisis (BC) stage (12/31, 39%). In addition, SOX30 methylated patients tended to have a higher level of BCR-ABL transcript than SOX30 non-methylated patients (P=0.063). In two paired CML patients, SOX30 methylation showed lower density in CP stage (19% and 17%, respectively), and was significantly increased in BC stage (89% and 69%, respectively) during disease progression. Additionally, SOX30 methylated CML patients presented a lower SOX30 transcript level than SOX30 nonmethylated CML patients (P=0.046). Conclusion: Our study revealed that SOX30 methylation correlated with disease progression in chronic myeloid leukemia.
Introduction
Chronic myeloid leukemia (CML) was the first human cancer to be associated with a consistent chromosomal abnormality, namely the Philadelphia (Ph) chromosome, which generates from a reciprocal translocation between chromosome 9 and 22. 1 In its natural history, CML is usually diagnosed in chronic phase (CP) and then progresses through an accelerated phase (AP) to a nearly invariably fatal blast crisis (BC). 1 Without effective treatment, CML patients in CP progress to advanced stages, the prognosis for which is poor. 1 However, until now, the underlying mechanisms of CML progression are varied and not entirely understood. So far the best characterized includes the accumulation of molecular and chromosomal abnormalities. 2, 3 Recently, aberrant DNA methylation through the activation of tumor suppressor genes playing a role in the progression of CML has been aroused great attention. 4 SOX30, a relatively new member of the SOX family, encodes transcription factor belonging to the high mobility group (HMG) superfamily. 5 It has been considered to be involved in spermatogonial differentiation and spermatogenesis. 6 For years, the potential role of SOX30 in human cancers remains poorly defined. Recently, SOX30 has been identified as a key tumor suppressor gene mediated by promoter methylation in tumorigenesis including lung cancer, acute myeloid leukemia (AML), and myelodysplastic syndromes (MDS). 7, 8 In clinics, SOX30 had a favorable prognostic impact on lung adenocarcinoma patients. 9 Moreover, aberrant SOX30 methylation was associated with poor prognosis in AML, whereas it correlated with disease progression in MDS. 8 In this study, we further determined SOX30 methylation and its clinical significance in CML. 
Patients and methods

Patients and samples
DNA isolation, bisulfite modification, and RQ-MSP
Genomic DNA isolation and modification were performed as reported previously. 10 The methylation level of SOX30 was examined by real-time quantitative methylation-specific 
Results
Correlation of SOX30 methylation with clinical/laboratory characteristics in CML
Our previous study has reported aberrant SOX30 methylation in AML and MDS, and SOX30 hypermethylation correlated with poor prognosis in AML, also associated with disease progression in MDS. 8 Herein, we further determined SOX30 methylation in the other myeloid malignance CML using RQ-MSP. According to the previously set cut-off value of 1.024, SOX30 methylation was identified in 11% (10/95) CML patients, and was a bit higher than controls (0%, 0/28) (Figure 1, P=0 
SOX30 methylation alterations during disease progression in paired CML patients
To confirm whether SOX30 was associated with CML progression, we next determined SOX30 methylation at different clinical stages of two paired CML patients during disease progression. Detected by BSP, both two CML patients showed low density of SOX30 methylation in CP stage (19% and 17%, respectively), and the density of SOX30 methylation was significantly increased in BC stage during disease progression (89% and 69%, respectively) (Figure 2 ).
Association of SOX30 methylation with its expression in CML
As is well known, DNA methylation in promoter-associated CpG islands plays a direct role in gene silencing that is one of the drivers of neoplastic transformation through the inactivation of critical tumor-suppressor pathways. We further determined SOX30 transcript level in 52 CML patients with available mRNA samples. Although we did not observe the significantly negative association between SOX30 methylation and SOX30 expression (R=−0.169, P=0.232, n=52, Spearman test), SOX30 methylated CML patients presented a lower SOX30 transcript level than SOX30 non-methylated CML patients (P=0.046, Figure 3 ).
Discussion
Following our previous study, herein, we further for the first time reported SOX30 methylation in CML. Although it was not a frequent event in CML, SOX30 methylation was associated with advanced clinical stage, and may have a crucial role in CML progression. The mechanisms of CML progression are varied and not entirely understood. So far the best characterized includes differentiation arrest, genomic instability, telomere shortening and loss of tumor-suppressor functions. 2 Mechanically, cytogenetic abnormalities and molecular alterations, such as double Ph chromosome, trisomy chromosome 8, i(17q), trisomy chromosome 19, t(3;21)(q26;q22), t(7;11)(p15; p15), p53 mutations, RAS mutation, and increased BCR-ABL transcript, are pathogenetically linked to the progression of CML. 3 Recently, epigenetic changes especially aberrant DNA methylation associated with gene silencing are also identified to play crucial roles in the disease progression of CML. 4 For instance, SHP-1 hypermethylation was involved in the progression in CML through dysregulating BCR-ABL1, AKT, MAPK, MYC and JAK2/STAT5 signaling pathways.
11
In addition, our previous studies have revealed that hypermethylation of ID4 and DLX4 was related to disease progression in CML, and ID4 also had a direct role in affecting cell proliferation and apoptosis in K562 cell-line.
12,13
Although we have proved that SOX30 methylation was associated with CML progression in clinics, the direct role of SOX30 in the pathogenesis of CML was not studied. Recently, SOX30 has been validated to be a tumor suppressor gene in several solid cancers with diagnostic and prognostic value. Han et al demonstrated that SOX30 was silenced caused by promoter methylation and functioned as a novel tumor suppressor partly by transcriptional activating p53 or activating the transcription of desmosomal genes in lung cancer. 7, 14 In addition, SOX30 could also inhibited tumor metastasis through attenuating Wnt signaling via the regulation of β-Catenin in a transcriptional and posttranslational manner in lung cancer. 15 In clinics, the expression of SOX30 was verified to be closely associated with clinical outcomes in lung cancer patients. 9 Moreover, SOX30 expression was identified as prognostic biomarkers in several other human cancers such as bladder cancer and advanced-stage ovarian cancer. 16, 17 In colon cancer and hepatocellular carcinoma, the anti-cancer effects of SOX30 rescued the tumor-promoting effect mediated by miR-645 overexpression. 18, 19 However, no functional studies showed the role of SOX30 in hematological malignances. Moreover, the current study could not further determine the impact of SOX30 methylation in CML due to limited cases with survival data. Obviously, further studies are needed to determine the direct role of SOX30 during CML progression and its clinical implication. In summary, SOX30 methylation correlated with disease progression in CML, and provided novel insights into CML biology acting as a potential therapeutic target against disease progression.
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